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(57) Abstract: 

PURPOSE: To produce high-performance nonvolatile 
memories, capacitors or light modulation elements on a 
semiconductor substrate by forming a c-axis onented 
epitaxial or oriented ferroelectric thin film on a 
semiconductor single crystal (100) substrate. 

CONSTITUTION: In the oriented ferroelectric thin film, 
two-layer structured epitaxial or oriented buffer layers 
2 and 3 are formed on a semiconductor single crystal 
(100) substrate, and an epitaxial or oriented perovskite 
ABO3 type ferroelectric thlrT film 4 is formed on top 
of it. The epitaxial or oriented buffer layer consists 
of the perovskite ABO3 type thin film formed on an MgO 
thin film. From the crystal lographical point of view, 
the relation among the single crystal substrate, buffer 
layers and pervskite ABO3 type ferroelectric thin film 
is ABO3 (001)//ABO3 (100)//MgO (100)//semiconductor 
single crystal (100). 
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[0 0 0 6] ^ntcMU ;$:fg0^##{*. MgO^:^ 
#: (10 0) atS_h^ (100) JHf^dfi^-V^l/^S^ 

[0 0 0 7] 

^l^###-i^B^a (1 0 0) St5±{c. ciliilj@B|q^cD:nbfiS?ap 

i/-\r;^*/c^*@e(p]f±cD5!feK-m}ifli$:JFML/cle[^)tt3^ 



[0 0 0 8] 

(10 0) SIS-t'^M g O ^iL:5^\L^^i/\)\/mm. 

;^;^-fhAB03 mWm-Qh-D-Z. *&?^iSt*^*PbT i 
O3 aT i O3. ^ifCOcllllcfcU aittiO^&^^iSj^^ia 
V \ -e^ij^fi, ±|B^ 1 C^-r J; 5 C 3 . 9 0 5 
b AT'$)-S S r T i O3 (10 0) 3::t:°rJr#->-\. 
^I'fiRS^-tt'SCiitrJ;';. PbT i 03^B aT i O3 
^d:i:-®§tSlli#S§flg©aiMl;{)^'S r T i O3 «CD^&?^jj 
{^•@^fe6*J«;M^U, Ctiib!i6il«#-^ll^:c!ftligein]T'* 
-S (001) xtl'^ ^->^;i/J5Kft-C't 5 d 'femillJ'c 

[0 0 0 9] ;$:fgBa(DBSlR)ffi5ifegl«#:(i. -^I^f^^^- 
^H^H (1 0 0) atSJb{^-W?i^*^P,^^Jit°^^t/^ 

j;(J:S:#^{:^{i, *^Bjtrisv^T. 0!jia3it:°^^i/-\'>'l/ 
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■5^co cttck U t; afll^^::3Sv^;|^^^i!t^jto^:v^s„ ^ 

hABOa S^fiffS-^McDj^-ifa^e^Psa^f*, ABO3 
(0 0 1) //S rT i O3 ( 1 0 0) //MgO (1 0 
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^^(ZiJV^T (10 0) ffi(cMUT4 5° CD^jg^:=fco 
(2 0 2) B{:lov^T^D7 7•Y • ;^=^^><i> MgO 
(10 0) /GaAs (10 0) COM g OCr^t^LT 9 0 

fiGaAs^tf— ^'feMf::— gCL/^Co ^tvtjCD^i:*^ 
C,, MgOhGaAsi:CD^=Bli^WKl#(i, l^-T^S*^' 
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MgO [0 0 1] //GaAs [0 0 1 ] (?)aik'^=^ri^ + 

[0 0 18] 6 0 0~8 0 0°C, lXlO--~ 

iXlO 'Torr Oz CD^i^X\ MgOAyyr — 

m±^'t(Dmm&i.tzmm 200-1000 h 

D-ACDS r T i O3 (iLM. ^UZfT.:^^ hW^. 
a=3. 9 0 5;t>'i/;^hD-A) MgOCMUT 

/c. 01{r^-tX$aifiliEfr.'^iS?->h7T'f • >^=^^■\'V^- 
<J;oT|RJ^L//hS rT i O3 i:MgO/GaAsCD^ffi 
:5"ficDg8#{i. I12(r^-rj:e>tr S rT i O3 (lO 
0) //MgO (1 0 0) //GaAs (10 0). S rT 
i O3 [0 0 1] //MgO CO 0 1] //GaAs CO 0 
13 trfe^T'co |112{cfcv^T> UiGsAsJ;'; 

'feS^^ffiaS • 't/L^ V H^iig) , 2 (iM g O 

(N a C M^Sg) . 3(iS r T i O. ii^^ (^ny 

hmm t-*s„ 

[0 0 19] f^3g«)^cC3!SSIli#:T'$)€)B aT i O 

= OE^^, ^UZ^7.:^'f hm&. a=3. 9 9 4;t> 
^XhD— A, c = 4. 0 3 8;:t>:i7'^hn— A) tG 
a. As (j5::35-|a, S^'>^ • :/l'>h';^, a=5. 6 5 
3;t>^^;^hn-A) i:ro^&?ima::fet<M^S*^'. 
BaTiOj (0 0 1) SilGaAs (10 0) ®CD® 
(^4 5° [Elilte, •t^:t:>*>B aT i O3 CllO]//Ga 
As COO 1] (D-M^(Dm^^ei^r^^h. *&?^M^'f4 
\-^-fmzQ. -^-^T-ST, BaTiOa 

OG a.As±m.mm^^t:n^tL. SKfigfiV 0 O-Q, 
5 0 0 ^ m^<D 1 0 0A)V7^(Dm(DO 

2 S.'ky^y^y^:y}^S.yjt^h3x 10" To r Tcom 
mX'^LtcW:. 1. 2xl0-'Torr Oa {:iT^ 

L/T B a T i O3 CD|gS't4{d^>fb X R D f-^' 

3&gCD3ife*^o/ciB aT i O3 7 0 0°G, 0. 5X1 

0-' T o r r Oz \,ZXm^l.t:L^(DX'h'Drzi}\ ( 1 
1 0) ^/c^i (10 1) BBl°I®#fel)]lT'*o/c„ :io 
J: 5 Ji ^S'-fi^M^IS-fS^ttfc J; ^ i: fi^ 

[0 0 2 0] B aT i O3 (DG a. A s ±X'(Dm.^^-StV 

0~8 0 0°C. 1 X 1 O"-"- 1 X 1 0"' To r r O^ 
(D^^-Q. S r T i O3 /M g O/- ^ y 7 T — S-h'^^O 
S^SU/cBDi: 5 0 0-200 0 h D— ACO B 
aTi03 \X ±X3L]dii^-y^JVmi^lyfz, Xf^E 
iff/'^^— t B a T i Os (i^rfe^ cttSfifq] 

03 ^SrTiOs /MgO/GaAsc^^a^S-fecDP 

BaTiOa (0 0 1) //S rT i O3 (10 . 
0) //MgO (100) //GaAs (100) , BaT 
i O3 CO 1 0] //S rT i O3 COO 1] //MgO 
COO 1] //GaAs COO 1] T-*o/t<, 
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[0 0 2 1] E13»d; ±sa(D^f?S{r=koTM$n;^cB 
aT i O3 /SrTi03 /M g O/G a A s CD#H^g 
Jt-i; U ^ €.^K«#:ji)iI<DmWBffiSEIT'* U , U*G 
sAs J:fj;5;S^iSaa^ (S^'^i' • :/^>H;f«jg) , 
2ttMgO-^ (NaC Mliji) . 3{iSrTL03 ji 
m (^D^7.;^1' hTO , 4{iB aT i O3 fiM (^ 
oy;^;^7^ hM) T'*€.„ 

[0 0 2 2] ^^m?mtSliSf«^=ko-Cl^U7^cB aT 
i03 (D^Sfi. )(ldi)-C¥?tT-*o/i, $f3{cJS?ia;b 

JO 0^5!^i;J;oTB aT i O3 CO^iS^ 1 x 1 yci in' cD® 

W&.^^'DX\^^hZiLi)^ib-h^'Dtz. Z0Zti}>hZ(DB 
aTi03 jl{±^cD^®^m^4tc^3v^T{i, ^mmt 
{yXm!-^MmMmmiZ':>^ji*^h *^i^t#T-t ^„ 
ttz. C r/2 0 0 0;t>'i>'7. hn— A-B aT i O3 
/3 0 0;t>i/>^hn— A-S rT i O3 /2 0 0;t> 
i7'7> h D— A-Mg O/G a A s (D=3r-V'^-^'>:5?— ^S)g{^ 
fcV^TBaTiOs (D-^^WiWl'^eim^-t ?> il . :i(Dm& 

(::J;SP-E#ftk{it;z.-rUi';^ ■ ^V— y^&^U Ba 
iK' T i O3 ^±f«3aMif^:lJ:oT}^l:^U;tJ:•5(c^^Stt*^'m 
^-^G a A sS^Sf^Silt^SeiR] U/cS6K«tg ilE&^) 
X'$)^Z.tit)^^if}^-otz. 
[0 0 2 3] miii&i2 

pm. (10 0)®, 6 X 6mm<D'?xyN— 'fejll^/c„ 

J» i^*^'i'>K>E:t;3 X 1 0-' To r r, 5 0 0°CJiA±!CT 
inlSi5:fToTS i«®CDH;fl)f$jf(D||« (#^) 1:12 
o;t<. Mv^TMgO^ 2 0 0-6 0 0°C, ixlO"' — 
1 X 1 0-' T o r r Ot (D^mzxmZ 0 0::t>i/;^ 
hn— AiQMgO(?)^^^fv\ MgOi:S icDSrtig 
^alSiSLCOmm^i)^. MgO ( 1 0 0) //S i (10 0), 
MgO COO 1] //Si CO 0 1] -e*§Jib':?:3F->'-\' 
>'l/5WJK=fef#/c„ ^T'c. 600-800°C, IXlC — 
1 X 1 0"' To r rOz CO^f'K'Mg 0/^-y 7T-B± 
^^1^2 0 0-1 0 0 0;t>^';^hD-AtDS rT i O 
40 3 $:-?-£D^ait;i5?=¥-i>-\';V/ij<;fiU S rT i O3 (10 
0) //MgO (100) //Si (100), SrTiO 
3 CO 0 1] //MgO CO 0 1] //S i CO 0 1] (Dm 

[0 0 2 4] MV^T, 6 0 0-8 0 0°C, IX 10"' — 
1 X 1 0"' T o r r Oi cO^fK'S r T i O3 /Mg 

oj^-jyT-m±^'t(Dmm&\^tz.m» 1000-20 

0 0 b D— A© P b T i O3 (i, c mM^J^^ 

X|g[p]iff/-^^->{::=koTI^^L/cPbT i O 
3 i: S r T i O3 /Mg O/S i <^ieB^B:6-fitc7DP^^{i, 
^2* PbTi 03 (0 0 1) //S rT i O3 (10 0) //M 
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gO(100)//Si (100). PbTiO» [0 1 
0]//SrTiO3 .CO 0 1] //MgO CO 0 1] //S 
i [0 0 1] T'*o/i„ 

[0 0 2 5] Mmimrf-mmMi^^^xm^i^tzP b t 
i 03 (Dmmt, yemmt Lxmmjii&ymmm^^ 

S^'c. Il];g^{rUTPb.-. La. (Z r, Tii-, ) 
i-«/4 O3 (PLZT) %x.\£^^Zy^rJVMgO/'^yy 

i^mm(D c iii J; U a tli^jfiv ^l&'T-^^'feitT (Si v \ 
^tz, ^WCfcV^T{i^aS■fiCDia#i:UTAB03 
(0 0 1) //S r T i O3 (1 0 0) //MgO (1 0 
0) //^|^#f*: (1 0 0) . ABO3 [0 10]//SrT 
i O3 [0 0 1] //MgO [0 0 1] //it^#^ [0 0 

1] m^htit^a^ m^:^&(Dmmtzm:imM^n^ 
(DX'it^d^ < . ^m:^U(Drm^^A b 03 ( 0 0 1 ) // 

ABO3 (1 0 0) //MgO (1 0 0) //4^#ft: (1 0 
0) ®3iV:-^dri/-v^k^/c{^2l«]tt*Wc$nn{^=l; . 

[0 0 2 6] ^^HitefiyT'Jioi^i^v • !f- 

U ^/i-V • tl— A • 7./^y^V m^t:"— A 

. t:— A . 3L]C'Si^Sy (MBE) . 'i:t>'(t^ 
^7.^- ■ tf-A • ait°i5rar:^^ ^t^mmsm (CV 
D) , ^a^feP-fb^^^i^mJS (MOCVD) . y^X 



V C V D if ©M^e^SiS*^ <t t^'V^Vy^l/}*^ il'cD X 

So 

[0 0 2 7] 

[^BJCD^JJ*] *feaJ{-^5V^T(i, (1 0 

0) »Jb{r. mff. MgOj^flMfcitJ^'^DyT.;!;^ 
hAB03 M-iiy3ictU^f:S-mil?t*^'i^Sa:t°i57^i^ 

ffM^tT.s-^n:/;?.;^-!' hABOc msmMi^mmitc 

J&;€.o U/c;^)>*oT. iaaalO^JHIfeffi^ ^ 'J - 

h\-:.. §^m#J:U*;/>^v>IS©r^^t;oMgO«{cj; 

[01] ^^gSiGaAsSfeJiS rT i O3 /MgO 
m. 2 ] JiltiS? ^^^y-^^V- S r T i O3 sgcfliiJ c); tJ^M g 

[ma] B aT i Oa /S r T i On /MgO/G a 

[^^F€•<Di^0J] 

l--GsAsck'J^-S#-|gifBa&K, 2 "MgO-« 3 
•••S rT i O3 iiM. 4-BaTi03 
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